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We report the synthesis and characterization of new hybrid materials based on conducting polypyrrole (PPY) and multi wall
carbon nanotubes (MWCNTSs). MWCNTSs were prepared by spray-pyrolysis of liquid hydrocarbon-ferrocene solution in an Ar
atmosphere. The composites (PPY-CNT) were obtained by in-situ chemical oxidative polymerization of pyrrole in aqueous
solution containing MWCNTs. The addition of a water based Fe3;O4 nanofluid to the polymerization solution results in the
formation of a new hybrid nanostructure of MWCNTSs coated with PPY containing magnetic nanoparticles. The properties of
PPY composites were investigated by TEM, SEM, FTIR spectroscopy and X-ray diffraction (XRD) measurements.
MWCNTSs covered with PPY have a rough surface, containing some globular forms typical for the polymer. Significant
differences between IR spectra for PPY and PPY-CNT nanocomposites appear for the bands ascribed to pyrrole ring
vibrations, suggesting that an interaction between the polymer and CNT occurs and this could change the polymer
conformation. XRD analysis shows that the crystalline structure of MWCNTSs doesn't change significantly by the association

with conducting PPY.
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1. Introduction

The association of conducting polymers with carbon
nanotubes represents a new strategy to obtain composites
possessing the properties of each component with a
synergistic effect and showing great potentia applications
as supercapacitors, actuators, biosensors, eectromagnetic
shielding, eectronic deviceds [1]. Among conducting
polymers, polypyrrole have been successfully used for the
synthesis of composites with carbon nanotubes, due to its
properties such as high conductivity, good stability and
easy preparation [2-4]. In this work we report the synthesis
of carbon nanotubes (CNT) and polypyrrole (PPY)-CNT
nanocomposites by using in situ chemica oxidative
polymerization of pyrrole in the presence of carbon
nanostructures.

2. Experimental

Multi-walled and single-walled CNTs were obtained
by chemical vapor deposition from hydrocarbons in the
presence of a metal catayst [5,6]. Two methods may be
used to introduce the carbon source materid into the
pyrolysis furnace: the method of vapors in a gas stream
(usualy Ar) [5] or the liquid injection method using an
atomizer (sprayer) [6]. A single step synthetic route, which

involves the spray-pyrolysis of ferrocene as catdyst
dissolved in liquid hydrocarbon (e.g. benzene, xylene) as
carbon source, in an Ar atmosphere was performed. The
synthesis was carried out at temperatures around 975 °C
and at different Ar flow-rates [6]. The liquid hydrocarbon-
ferrocene solution is introduced into the sprayer and
pulverized into the reaction chamber by the Ar gas flowing
around the nozzle. This method has the advantage that the
catalyst is simultaneoudly introduced with the carbon
source into the reactor. In the fixed-bed method, the
catalyst is put into the reactor a the beginning of the
CNTs synthesis [5]. The hydrocarbon, carried over the
catalyst by an inert gas, is decomposed on the catalyst and
alows the cataytic growth of carbon nanotubes. Carbon
nanofibers, single-wall nanotubes (SWCNT), multi-wall
nanotubes (MWCNT) were obtained by using the fixed-
bed method. After the purification process, a part of CNTs
were treated in a hot mixture of acids, namey
HNO3:H,SO, (1:1), for 1h.

The synthess of the reported PPY-CNT
nanocomposites was carried out using thein situ chemical
polymerization of pyrrole monomer in agueous solution
containing dispersed MWCNTS. In our experiments, both
type of acids treated and untrested MWCNTS were used.
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A solution of 10 ml deionized water and 0.1g MWCNTs
previously treated in acids was sonicated for 1h. When
untrested MWCNTs were used we &aso added
dodecylbenzensulfonic acid (DBS) or the Fe;O4 nanofluid
into the water suspension of MWCNTs. Then, 0.1 ml
pyrrole was added to the respective suspension and
sonicated for 15 min. The pyrrole monomer/MWCNTSs
mass ratio was 1, and the oxidant/monomer molar ratio
was 0.2 for the reported nanocomposites. An agueous
solution of the oxidant, ammonium persulfate (APS), was
dowly added drop wise to the above mixture. The
polymerization of the reported samples was performed by
using an oxidant/monomer molar ratio of 0.2. The reaction
proceeded under magnetic stirring for 10ha 0—-5°C. A
flask of methand was finaly added to terminate the
polymerization reaction of pyrroe. The resulting black
precipitate was separated by centrifugation, washed with
deionized water and methanol and dried at 60 °C for 24 h.

The following notations will be used for the PPY
nanocomposites: the denomination “a PPY-CNT” is used
for the sample prepared by using MWCNTSs previousy
treated in acids, the denomination “b PPY-CNT” for
samples prepared by using MWCNTSs untreated in acids
with DBS addition in the polymerization solution
(DBSpyrrole=0.5 molar ratio) and the denomination “c
PPY-CNT” for the samples prepared by using MWCNTs
untreated in acids with additional of Fe;O, nanofluid in the
polymerization solution.

The morphology of CNTs and PPY-CNT
nanocomposites was determined by TEM and SEM using
JSM 5600 LV and 1010 JEOL microscopes respectively.

FTIR spectrascopy of the nanocomposites was carried
out on aJASCO FTIR 610 spectrophotometer in the range
400-4000 cm'™.

Structural characterizetion of CNTs and PPY-CNT
nanocomposites was performed by X-ray diffraction
(XRD) using a horizontal powder diffractometer in Bragg-
Brentano (BB) geometry with Ni filtered CuK, radigtion,
J= 154178 A. The typical experimental condition was:
10 sec. for each step, initid angle 20 = 10 degree, step
0.05 degree respectively and each profile was measured on
1600 points.

3. Results and discussion

The TEM image presented in Fig. 1 shows that the
carbon nanotubes, prepared by spray-pyrolysis of xylene-
ferrocene solution, were truly obtained. Field Emission
Scanning Electron Micrascopy (FESEM) image shown in
Fig. 2 indicates that large areas of aligned MWCNTS are
grown onto the quartz tube walls.

Fig. 1. TEM image of MWCNTSs prepared by spray-
pyrolysis of liquid hydrocarbon-ferrocene solution.
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Fig. 2. FESEM image of bundles aligned MWCNTSs
prepared by spray-pyrolysis of liquid hydrocarbon-
ferrocene sal ution.

The diameters of MWCNTSs prepared by spray-
pyrolysis of xylene-ferrocene solution are in the range
30-50 nm. One can observe from the Fig. 1 that some
catalyst particles remain encapsulated in the MWCNTSs
even after the purification process. TEM image of the
nanocomposite a PPY-CNT shows that MWCNTs are
coated by a thin layer of PPY, Fig. 3. The MWCNTs
covered with PPY have a rough surface, as can be seen
from Fig. 4, containing some globular forms typical for the
polymer. SEM images for the other nanocomposites (b
PPY-CNT and ¢ PPY-CNT) are similar to that presented in
the Fig. 4.

b
Fig. 3. TEM image of nanocomposite a PPY-CNT.
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Fig. 4. SEM image of MWCNTSs covered with globular PPY.

In Figs. 5 and 6 we can compare the FTIR spectra for
DBS doped PPY and for the PPY-CNT nanocompasites
prepared using acids treated MWCNTSs (sample a PPY-
CNT) and untrested MWOCNTS respectively (sample b
PPY-CNT). The nanocomposites spectra contain the
characteristic absorption bands of PPY in doped state. The
IR absorption band positions and their assignments [7,8]
for PPY and the nanocomposites are given in the Table 1.

From Table 1 one can observe that significant
differences between IR spectra for PPY and PPY-CNT
nanocomposites appear for the bands ascribed to pyrrole
ring vibrations, located around 790, 900, 1190. These
absorption bands are sensitive to the oxidation level and to
the conjugation length of the PPY chain [7,8]. The shift of
these bands to lower frequencies in the nanocompasites
spectra as compared with PPY suggest that an interaction
between the polymer and CNT occurs and this could
change the polymer conformeation.

Table 1. Peak positions (cm?) of IR absorption bands for
pure sample of PPY and nanocomposites PPY-CNT
respectively (data from the spectra presented in Figs 5

and 6).
PPY a b Band assignments
PPY-CNT  PPY-CNT
791 777 784 ring deformation
864 862 C-H bending
914 901 904 ring deformation
1037 1037 1037 C-H in-plane bend
1198 1181 1178 ring breathing
1295 1294 1300 C-H in-plane bend
1465 1459 1464 ring breathing with
contribution  from
C=C/C-Cand C-N
1551 1543 1545 C=C/C-C streching
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Fig. 5. IR spectrum of PPY doped with DBS.
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Fig. 6. IR spectra of the nanocomposites: a PPY-CNT
and b-PPY-CNT.

The XRD spectra for MWCNTs and for the
nanocomposite sample ¢ PPY-CNTs are presented in the
Fig. 7. The intense peak around 20 =26.5 degrees, which
appears in both spectrafrom Fig. 7, is characteristic for the
MWCNTSs.

The XRD spectrum of ¢ PPY-CNTs sample shows
peaks for 26 in the range of 30 — 65 degrees. It represents
a characteristic patern for the XRD in Fe;O, and
demonstrates that the magnetic nanoparticles are attached
to MWCNTSs during the pyrrole polymerization process.
At low angles, the XRD spectrum of the nanocompasite
contains the contribution from the broad band due to
amorphous PPY (Fig. 8).
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Fig. 7. XRD spectrum for ¢ PPY-CNT nanocomposite.
Inset: XRD spectrumfor MWCNTS.
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Fig. 8. (1) - experimental XRD spectrum for ¢ PPY-

CNT; (2) - background correction; (3) - PPY

contribution; (4) — line attributed to the reflection on the
planewith (002) Miller indices from MWCNTS.

The X-ray line profile (XRLP) for both experimental,
h(26), and instrumental, g(26), functions could be
approximated by using the so caled Generdized Fermi
Function (GFF) [10,12]

A
harr (26). garr (26) = a(26-0] , bl26=c) €y

where parameters A and ¢ describe the amplitude and the
position of the peak respectively. The parameters a and b
control the shape of the XRLP.

Theintegral widths dy(a, b) and J,(a, b) of theh(2 6)
and g(2 6 ) functions respectively are both described by
the following type of equation

71

The description of the microstructure of the systems
under investigation is contained into the true sample f
function. The true sample function is the solution of the
following integral equation

h(s) = | f(s-t)g(t)dt €)
Here h, f and g functions are expressed in reciproca space
variables sand t. They arerelated to & by the by the usual
expression s = 1/d=2sin( 6 )/). By solving the integral
equation (3) the integral width of the true sample XRLP,

&, isobtained as
& {cos P +1} ()
20, COS ZD“ P

O (P, Pg) =

g

wherep = (a+ b)/2 for f and g functions respectively.

The average particle size D, can be determined by
classical Scherrer relation:

D = 0.94 )
o, cos(6)
where A is the wavelength of the incident x-ray and & is
the gravity centre of true XRLP.

The parameters of GFF approximation are presented
in Table 2. The integral width of experimental and
instrumental  profiles for each sample and average
crystallite sizes are presented in the Table 3. The observed
diffraction profile of a standard graphite sample,
considered to be free of structurd imperfection was used
to represent the instrumental g function.

(aabb)ll(a+b) co 57
2a+b
Table 2. The best parameters, uncertainties for all distributions.
GFF A£3A atda bx3b c+3c
g 167052 + 40.2 3.62592 + 0.16 10.9987 + 0.04 26.5942 + 0.0546
h mwenTs 12197.7 + 8.65 3.63121 + 0.244 1.7902 = 0.08 26.52 + 0.0265
h cppy.onT 3087.73 £ 8.435 1.86319 + 0.52 3.45473+ 0.09 26.54 + 0.02925

Table 3. Theintegral widths for instrumental, 84, experimental, 4, and true sample, &; functions and

MWCNTs average crystallite sizes, D .

Sample 34ab) 3n(Ph, Pg) 31(Pn,Pg) D
[26] [26] [26] [A]
g 053537 - -
MWCNTs - 1.2687 0.96826 164
c PPY-CNT - 1.26636 0.99396 159
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From Table 3 one can see that no significant difference

between the average crystalite sizes, D for MWCNTs
and the nanocomposite ¢ PPY-CNT exists. This fact
indicates that the crystalline structure of MWCNTS
doesn't change dignificantly by the association with
conducting PPY .

4. Conclusions

PPY-CNT nanocomposites have been synthesized by
using both previoudy treated in acids and untreated
MWCNTs. By TEM investigations, it was evidenced that
PPY-CNT nanocomposites are formed by MWCNTs
coated with athin PPY layer. As aresult of the composite
formation, significant differences were observed between
the IR spectra of PPY and PPY-CNTs especidly for the
bands ascribed to the pyrrole ring vibrations. This fact
could be attributed to the polymer conformational changes
a theinterface between PPy and the MWCNTSs.

A new hybrid nanostructure was obtained by the
atachment of Fe;0, nanoparticles on MWCNTS through
the PPY polymerization. The easy polymerization of
pyrrole monomer on MWCNTSs could be an attractive
method to attach other different inorganic nanoparticles or
functional groups together with apolymer layer.
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